Introduction
Early attempts at rhinomanometry date back to the end of the last century, when Zwaardermaker described the first hygrometric method (1889). Since then, numerous ingenious methods of anterior and posterior rhinomanometry have been described (Foxen et 01. 1971) , but despite this no method has gained common usage in clinical practice in this country.
One of the main problems in any single measurement of nasal resistance, is that one is measuring a 'moving target'. First, because the resistance increases with inspiration due to indrawing of the alar cartilages, upper lateral cartilages, nasal and nasopharyngeal mucous membranes, the greater the flow the more these structures are indrawn and the more the resistance increases; whilst on expiration these structures dilate and the resistance falls. Secondly, the nasal resistance is continuously altering from side to side over a variable period of some two to three hours; this 'nasal cycle' was first described by Kayser (1895) .
Despite these problems, it is important to have some objective method of measuring nasal airflow and resistance, to evaluate the effectiveness of topical and systemic medical treatment (Mygind et al. 1977 , Vilsvik et al. 1975 ; and pre-and post-operative studies are needed to evaluate the effectiveness of surgical treatment which in future is likely to gain increasing medicolegal importance.
In 1976, Mercury Electronics introduced the NRI Nasal Resistance Meter ( Figure I ) which measures nasal airflow using a special face-mask incorporating a linear pneumotachograph and a mouthpiece which allows the intrapharyngeal pressure to be measured via a small tube passed orally into the pharynx. Whilst this apparatus is quick and convenient to use, its main drawback (as with any other method involving the measurement of the nasopharyngeal pressure) is the difficulty of persuading the subjects to relax the soft palate. Mygind et 01. (1977) , using this method, found 17% of patients unable to relax the soft palate. Foxen et al. (1971) , describing a different method of measuring nasopharyngeal pressure, found 25% of subjects unable to be assessed for the same reason. Cottle (1968) described a method of rhino-sphygmomanometry in which the airflow was measured via a nozzle on one side of the nose whilst the pressure was recorded on the other. This method avoids the practical complication of having to measure pressure via the nasopharynx. However, whilst pressure can be accurately recorded by this method, Tucker (1977) has shown it to be necessary to use a flow nozzle with a bore at least as large as the hydraulic cross-section of the normal adult nasal fossa, i.e. at least 8 mm in diameter. This may cause distortion of the nostril, altering the relationship of the lower lateral and upper lateral cartilages to each other and to the nasal septum, which can affect the resistance to airflow.
The disadvantages of these two methods can be overcome by measuring flow through one side of the nose with a face-mask incorporating a linear pneumotacograph, whilst pressure is measured with an adjustable nozzle passed through an air-tight seal in the face-mask ( Figure  2) . The nozzle is so constructed that it can form a seal around the nostril without being passed into the nose and does not employ an inflatable cuff which might alter the resistance on subsequently testing the other side.
The apparatus has been modified further so that it will 'cut out' and record pressure on inspiration and expiration, at any preselected flow rate. The patient is requested to breathe comfortably in and out while the flow rate 'cut out' is increased or decreased until a constant, reproducible pressure recording is obtained. The pressure is then read off the graph and a note is made of the flow rate. Resistance is calculated as pressure divided by flow, with pressure measured in mmH 20 and flow in litres/min. To convert the resistance into terms used by pulmonary physiologists, pressure is expressed in cmH 20 and flow in l/sec by applying the formula P/IO+ F/60 or 6P/F= RV cmH 20/I/sec.
Using this method, convenient flow rates for normal subjects have been found to be in the region of 10 l/rnin but when nasal resistance is increased, the flow rate at which pressure is recorded has had to be reduced in some cases to 2 or 3 l/min in order to obtain reproducible results with laminar nasal airflow. At higher rates, the flow becomes turbulent and no longer recordable by this method.
Criticisms of other methods employing this principle are the possible distortion of the breathing nostril and the fact that breathing through only one nostril is not physiological (Maran, p 849). However, with this particular technique, the breathing nostril is not impeded as flow is measured through the face-mask and pressure recorded at a preselected physiological flow rate. Figure 3 shows the graph obtained when measuring a normal subject. A flow rate of 10 l/min has been selected and a pressure recording of 5 mmH 20 on expiration and 10 mmH20 on Figure 3 . Tracing from normal subject with flow rate set at 10 l/rnin. The pressure recorded can be seen to be in the region of 10 mmH 2 0 on inspiration (upwards) and 5 mmH 2 0 on expiration (downwards) on both sides inspiration is obtained; i.e. in order to produce a flow rate of 10 l/min through each nostril on inspiration, a pressure of 10 mmH 20 is required. To express this, as resistance, the formula 6P/F is applied: 6 x 10/10=6 cmH 20/I/sec. Figure 4 demonstrates the graph obtained on a patient with the septum grossly displaced to the right. Reading from left to right side of the graph, the pressure is recorded while the flow rate 'cut out' is gradually reduced from 10 l/min down to 3 l/min at which point there is laminar flow and a constant recording is obtained (10 mmH 20) on expiration. Applying the formula 6P/F, the resistance is therefore 6 x 10/3 = 20 cmH 20/I/sec on the right. The left side is then recorded while the flow rate is gradually increased to 10 l/rnin, at which point the resistance is within the normal range.
Results
Examples of other results are shown in Table 1 .
In one case with a saddle nose and severe deviation of the nasal septum to the right, with hypertrophy of the right inferior turbinate, there was total obstruction on the right side and this method could therefore not be used since it is dependent on having at least a degree of patency on both sides. Figure 4 . Tracing from patient with septum deviated to the right. Reading the graph from left to right, the pressure on the right side of the nose has been recorded, gradually reducing the flow rate sampling point from 10 down to 31/min, at which point a constant recording is obtained of 10 mmH 2 0 on expiration (downwards) and 15 mmH 2 0 on inspiration (upwards). The pressure on the left side of the nose has then been recorded, increasing the flow rate setting from 3 to 10 l/min The modified nasal resistance meter is objective in that it measures pressure required to produce a preselected physiological flow rate on both expiration and inspiration and is therefore not dependent on the effort made by the patient. Left and right sides of the nose are measured separately, which is of particular importance before and after operation in septal surgery. It is not necessary to measure the pressure in the nasopharynx, and this method is therefore not dependent on the patient being able to relax the soft palate.
